In order to guarantee the operation stability of high-voltage circuit-breaker, this paper extracts eigenvector of vibration signals based on mining of characteristic entropy of the wavelet packet obtained under the state of circuit breaker. Besides, the eigenvector of various fault samples is adopted as the input information of the BP network. After that, the author conducts training of the well-built BP network to lay the foundation for the building of the high-voltage circuit-breaker fault diagnosis model based on the BP neural network and the wavelet characteristic entropy extraction. At last, through diagnosis simulation analysis of various faults, results suggest that: after wavelet packet characteristic entropy extraction of vibration signals of various faults, the eigenvector thus obtained has a high discrimination; the comprehensive diagnosis accuracy of the model can reach 92.5% after diagnosis of different fault types through the trained BP network. Therefore, the high-voltage circuit-breaker fault diagnosis model put forward in this paper has a high fault discrimination accuracy and can make up for defects of periodic maintenance and inefficient maintenance of the circuit-breaker.
INTRODUCTION
High-voltage circuit-breaker is the most important equipment in the power generation, transmission and distribution of the power system (Lin, Gu & Yang, 2014) . Apart from guaranteeing operation safety and stability of the power system, it is also necessary to pay attention to its operation reliability. Some research reports have made a statistical analysis of the high-voltage circuit-breaker accidents happening over the past decade, finding out that power accidents caused by faults of the circuit breaker could result in an average loss of about millions of kilowatt hours. However, the price of the circuit breaker is far lower than the loss thus incurred. The huge loss is a heavy blow to production and life of users. With the rapid development of society, users have a higher requirement of the power quality, and stable and safe operation of the power grid is becoming increasingly important (Su & Jia, 2013) . Therefore, as an essential part to control and protect the power grid operation, the circuit breaker is also faced with a higher requirement. Its performance directly decides the safety of the power grid.
Currently, in order to guarantee the safety of the power grid operation, most power departments adopt periodic maintenance. The maintenance style calls for preventative performance test of power equipment under the power-off condition and maintenance of equipment according to relevant test results. Maintenance based on the high-voltage circuit-breaker (Niayesh, 2014) is to test the insulation state of the circuit breaker and the mechanical characteristics of the operation mechanism. However, operators are not quite clear about characteristics of the operation mechanism of the circuit breaker and the difference of the professional level, thus resulting in frequent occurrence of inefficient maintenance and accidents even if the circuit breaker is within the preventative maintenance period.
after processing in various implicit layers. If the practical output of the output layer does not coincide with the expected output, it moves into the error back propagation period. Besides, when every error back propagation is finished, the network weight is adjusted through one iteration. The process will go on until the error of the network output is reduced to be below the set error value or reached the preset iterations. The specific structure of the BP neural network is shown in Fig. 1 x stands for the input of the j node in the input layer (j=1, …M); ij w stands for the weight value from the i node in the hidden layer to the j node in the input layer;  i stands for the threshold of the i node in the hidden layer; ()  x stands for the excitation function of the hidden layer; ki w stands for the weight value from the k node in the output layer to the i node in the hidden layer (i=1, …, q); Through the above BP network structure, it can be seen that, in a simple three-layer BP network, if it is assumed that the input vector is Step 1: Initialize the network weight matrix, W and V, randomly; set the corresponding learning ratio to be  and the target error value to be min E ; and set the counter of sample models, p, and the counter of the training times to be "1."
Step 2: Input the training sample, X and D, in turn, calculate the output vector, Y, in the hidden layer, and the target output vector, O. The algorithm expression is shown in Eq.1: Step 3: If there are P pairs of training samples in total, the network of every different training sample, p, is corresponding to different errors, p E , and its mean square root is adopted as the overall network error. The algorithm expression is shown in Eq. 2:
Step 4: Calculate the error signal of various layers, and the algorithm expression is shown in Eq. 3 below:
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Step 5: Adjust the weight value of various network layers, and the algorithm expression is shown in Eq.4:
Step 6: When all samples undergo one training, check whether the network training meets the termination condition. If min  RME EE or when the training times reach the maximum, the algorithm ends; otherwise, return to Step 2.
Through the information input iteration of the BP neural network above, it can be seen that the network has highly nonlinear characteristics. At the same time, every iteration is sent back through error back propagation. According to learning rules specified by the algorithm, the weight of every layer is modified for reverse adjustment of the weight coefficient to make the output of the network to gradually get close to the actual value. Therefore, the BP network can fully be applied to the diagnosis of the high-voltage circuit-breaker with highly nonlinear characteristics.
THE HIGH-VOLTAGE CIRCUIT-BREAKER DIAGNOSIS MODEL BASED ON EXTRACTION OF THE MECHANICAL VIBRATION SIGNALS

Space decomposition and reconstruction of wavelet transform
Information processing through the multi resolution wavelet transform is made up of two steps, namely decomposition and reconstruction (Tian & Sun, 2015; Akrami, El-Shafie, Naseri & Santos, 2014) . Different from Fourier wavelet transform, wavelet transform can conduct a multiscale conjoint analysis of data signals in the time domain or the space domain. In this way, information can be efficiently extracted from signals and realize reasonable separation of signals in different frequency bands and at different moments, and the abnormal phenomena such as discontinuity of signals can be well reflected. Therefore, wavelet transform can serve as an efficient and vigorous tool for smooth and steady description of dynamic signals, separation of fault characteristic frequency of parts, and extraction of weak information to realize diagnosis of faults earlier.
Where, the basic wavelet function is shown in Eq.5:
In actual signal analysis, more objects of analysis are extraction of discrete data. Therefore, onedimensional binary discrete wavelet function derived from basic wavelet function is shown in Eq.6 below. Besides, when this wavelet function 
From the above deduction of wavelet function, the wavelet function ()  jk t of the same discrete data decomposition scale is orthogonal to the scaling function 
Nk
. According to Parseval's theorem, it is shown in Eq.8 below.
Where,
stands for the detail signal energy from the first layer to the N layer. Rev. Téc. Ing. Univ. Zulia. Vol. 39, Nº 4, 387 -394, 2016 390 So total energy of discrete data signals in various layers is equal to that of initialized discrete data. The energy information within every decomposition layer is the partial characteristic information of original signals. Therefore, through direct extraction or secondary compressed extraction of the partial characteristic information as the characteristic information, the characteristic signals of the initialized discrete data can be excavated.
The above construction method simplifies uniform data images through different dimensions, and the construction process of each space strictly abides by the same type of function. The integral closure approaches 2 () LR . In any space, first of all, all function types are standardized, and then serve as the basis of different dimensions of this space for data analysis and computation, to obtain time-frequency signal characteristics within this space. Among them, wavelet multiresolution analysis has the following five basic features:
(2) Approximability Therefore, as is shown in Fig. 15 below, total energy of discrete data signals in various layers is equal to that of initialized discrete data. The energy information within every decomposition layer is the partial characteristic information of original signals. Therefore, through direct extraction or secondary compressed extraction of the partial characteristic information as the characteristic information, the characteristic signals of the initialized discrete data can be extracted.
Where, 
Diagnosis steps of the high-voltage circuit-breaker based on the BP neural network and the wavelet characteristic entropy extraction
During the diagnosis process of mechanical faults caused by the circuit-breaker, how to extract characteristics of the vibration signals is what matters. Therefore, according to the principle of space decomposition and reconstruction of wavelet transform, and combining the recognition capability of the BP neural network, the wavelet packet characteristic entropy is extracted from vibration signals. A BP neural Rev. Téc. Ing. Univ. Zulia. Vol. 39, Nº 4, 387 -394, 2016 391 network with the recognition capability is built to train the characteristic signals extracted. Based on the BP neural network and the high-voltage circuit-breaker diagnosis model extracted by the wavelet characteristic entropy, the steps to build the diagnosis model are show below:
Step 1: Standardize the normal status signals and the fault status signals of the circuit-breaker, respectively, and set the standardization scope within [0, 1]:
Step 2: Conduct wavelet threshold processing of the standard signals of the circuit-breaker under various states. Based on the maintenance of detail characteristic information, all noises contained in standard signals are eliminated. Here, the wavelet threshold function adopts the wavelet threshold function after optimization. See Eq. 16 below:
（16)
. Generally set k=2.
Step 3: Adopt entropy as the criterion and use the wavelet, "wname," to conduct N-layer wavelet packet decomposition based on signals obtained in Step 2, and obtain the detail coefficient of various layers;
Step 4: Reconstruct the coefficient of various layers obtained in
Step 3 for reconstruction. Designate the i node coefficient of the m layer during the extraction process to extract its reconstruction signal, Step 5: Normalize the feature vector of signals obtained in Step 4, and adopt it as the input information of the model's recognition system. Build a good recognition core through training, and build the high-voltage circuit-breaker fault diagnosis model.
SIMULATION OF THE HIGH-VOLTAGE CIRCUIT-BREAKER DIAGNOSIS RECOGNITION MODEL
Based on the above high-voltage circuit-breaker fault diagnosis model, it can be seen that to extract characteristics of the vibration signals of various faults caused by the circuit-breaker is critical to the model. Therefore, through collection of fault data samples, this paper selects vibration signals of four commonly-seen faults caused by the circuit breaker, including fault-free vibration signals X1, loosening of set screws of the permanent magnetic mechanism X2, falling of the divide brake springs X3, and excessive exciting current of the divide-shut brake X4. Among them, the vibration signal waveform under various states is shown in Fig. 3 Adopt the 200 the eigenvector of the 200 training samples as the input information of the BP neural network. The BP neural network adopts parameters shown in Table 2 . The dynamic changes of the error during the network training process are shown in Fig. 2 below. According to the model's training effects, it can be seen that the overall training effects of the BP network model are favorable. The prediction accuracy of the network reaches the set error range. Based on diagnosis results of the above fault test samples, it can be seen that the high-voltage circuitbreaker based on the BP neural network and the wavelet characteristic entropy has a high diagnosis accuracy rate. Under the normal state, the number of accurately diagnosed samples is 18, and the remaining two samples is mistakenly diagnosed as loosening of set screws and excessive exciting current. Under the state of loosening of fixed screws, the number of accurately diagnosed samples is 19, and one is mistakenly diagnosed as falling of the divide brake spring. Under the state of excessive exciting current, the number of accurately diagnosed samples is 18 and the remaining two samples are diagnosed as normal and falling of the divide brake spring. Under the state of falling of the divide brake spring, all test samples are accurately diagnosed. Based on all the diagnosis results, 74 states are accurately diagnosed, registering an accuracy rate of 92.5%.
CONCLUSIONS
This paper first analyzes the important influence of the high-voltage circuit-breaker on the power system. Concerning faults of the periodic maintenance of the high-voltage circuit-breaker, this paper studies the reliable operation of the high-voltage circuit-breaker, safety and reliability of the power grid. Based on signals obtained under different states of the circuit-breaker, this paper conducts wavelet packet characteristic entropy mining of vibration signals and extract the eigenvector of vibration signals. The BP neural network with the recognition capability is built to train characteristic value obtained. After that, the high-voltage circuit-breaker fault diagnosis model based on the BP neural network and the wavelet characteristic entropy is put forward. Through diagnosis simulation analysis of various fault categories, the author comes to the following conclusions: 1) The eigenvector of vibration signals obtained according to the wavelet packet characteristic entropy mining show a high discrimination degree under the state of different faults; 2) Through training of the BP neural network and the test of samples under different faults, it is found that the comprehensive fault recognition accuracy of the model is 92.5%. Therefore, the high-voltage circuit-breaker fault diagnosis model has a high fault recognition accuracy, and can make up for defects of the periodic maintenance and inefficient maintenance of the circuitbreaker.
